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JPO and NCIPI are nol^^sponsible for any 

damages caused by the use of this translation 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. " 
2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The waveguide mold adjustable grating characterized by forming the tandem-type heater 
which has the core which guides light, and the cladding layer prepared on the periphery of this core, 
and heats this core with a predetermined period in the die-length direction. 

[Claim 2] The waveguide mold adjustable grating characterized by forming the space heater which 
heats the whole core of the range in which the tandem-type heater is formed in a waveguide mold 
adjustable grating according to claim 1. 

[Claim 3] The waveguide mold adjustable grating characterized by whenever [ stoving temperature / 
of this core by the space heater ] changing in the die-length direction of a core in a waveguide mold 
adjustable grating according to claim,2. . -v. 
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* NOTICES * 



JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] Especially this invention simplifies an equipment configuration about a 

waveguide mold adjustable grating. 

[0002] 

[Description of the Prior Art] The component which the light of specific wavelength reflects in 
optical communication etc., and the component to decrease are used for various applications. For 
example, a gain equalizer attains flattening of gain by attenuating the light of the large wavelength of 
gain in order to improve the wavelength dependency of the gain of an optical amplifier etc. The 
oscillation wavelength of semiconductor-laser is determined .by carrying out incidence of the laser 
beam to this component, and on the other hand, reflecting the light of specific wavelength in the 
external resonator of semiconductor laser. 

[0003] As such a gain equalizer, an optical fiber grating etc. is used, for example. An optical fiber 
grating meets in the die-length direction of this core in the optical fiber with which the cladding layer 
of a low refractive index was formed on the periphery of the core of a high refractive index which 
guides light, and change of a periodic refractive index is formed. An optical fiber grating is classified 
into a short period mold and a long period mold according to the period of change of this refractive 
index. A short period mold is a component which reflects the light of specific wavelength. On the 
other hand, the thing of specific wavelength decreases a long period mold among the light which 
spreads waveguide (core) by combining with the so-called clad mode which spreads a clad, and 
spreading the outside of waveguide. As a reflective component mainly equipped with wavelength 
selection nature, the short period mold is used as a wavelength multiplexing/demultiplexing element 
in wavelength multiplex transmission etc. The long period mold is used for the above gain equalizers 
as a wavelength selection attenuation component mainly. In addition, in the case of which [ of a 
short period mold and a long period mold ], it also sets, and the light reflected or decreased appears 
as a loss peak by the wavelength spectrum of the transmitted light of an optical fiber grating. That is, 
the operation which the light of specific wavelength loses among the transmitted lights is common. 
[0004] Change of said refractive index will be formed using the operation to which the refractive 
index rises, if the ultraviolet radiation of specific wavelength is irradiated at the quartz glass which 
added germanium. That is, a core is formed from germanium addition quartz glass, if ultraviolet 
radiation is periodically irradiated in that die-length direction, the refractive index of this exposure 
part will rise and the grating section by which the part with a high refractive index and the low part 
have been arranged by turns will be formed. In the grating section, the property which the light of 
specific wavelength reflects or decreases among the light which carried out incidence to the core is 
acquired. 

[0005] The wavelength of the light reflected or decreased can be changed by applying tension to an 
optical fiber grating, changing the period of refractive-index change or changing a refractive index. 
If the period of refractive-index change will become large if the grating section is pulled toward both 
ends (if tension becomes large), and tension becomes small conversely, the period of refractive- 
index change will become small. Moreover, since a refractive index will change if it changes 
temperature, it can change the wavelength of the light reflected or decreased also by heating or 
cooling an optical fiber grating. 

[0006] On the other hand, as an external resonator of semiconductor laser, a diffraction grating 
besides an above-mentioned optical fiber grating, a light filter, etc. are used, for example. The 
wavelength of the reflected light of these components can rotate the component itself mechanically, 
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and can be chosen by change the include angle of the laser beam w____carries out incidence 
[0007] ^ ^ 

[Problem(s) to be Solved by the Invention] However, in order that an optical fiber grating may 
protect the grating section, it stores the grating section in the reinforcement member of two-layer 
structure, and where the optical fiber of the both ends of the grating section is pulled out from this 
reinforcement member, it is usually used. Usually, the 1st layer of a reinforcement member is formed 
from quartz glass, and the 2nd layer is formed from the ceramics, a metal, etc. Therefore, external 
force must be applied to the whole reinforcement member when changing the tension concerning the 
grating section. Moreover, when changing temperature and changing a refractive index, the whote 
reinforcement member must be heated. Therefore, since external force had to be impressed or a 
temperature change had to be produced also to parts other than the grating section originally needed, 
there was a problem that equipment became large-scale. Moreover, also in a diffraction grating, a 
light filter, etc., there was a problem that the equipment made to rotate these became large-scale. 
[0008] This invention was made in view of said situation, is the easiest possible configuration, and 
let it be a technical problem to offer the component which can reflect or attenuate the light of desired 
wavelength. It aims concrete at offering the waveguide mold adjustable grating which can change an 
optical property, without making parts other than the grating section produce an operation of external 
force, a temperature change, etc. 
[0009] 

[Means for Solving the Problem] In order to solve said technical problem, the waveguide mold 
adjustable grating of this invention has the core which guides light, and the cladding layer prepared 
on the periphery of this core, and is characterized by forming the tandem-type heater which heats 
this core with a predetermined period in the die-length direction. Moreover, the space heater which 
heats the whole core of the range in which the tandem-type heater is formed can also be formed. 
Furthermore, for example by using the space heater from which the cross direction and parallel lay 
length (width of face) of a core are changing in the die-length direction of a core, whenever [ stoving 
temperature / of a core ] can be changed in said die-length direction, temperature distribution can be 
formed, and it can consider as char PUTOGU rating. 
[0010] 

[Embodiment of the Invention] It is the explanatory view in which drawing 1 showed an example of 
the waveguide mold adjustable grating of this invention, drawing 1 (a) showed the perspective view, 
and drawing! (b) showed the relation between a core and a tandem-type heater. In this waveguide 
mold adjustable grating 1, cladding layer 3a is formed on the rectangular plate-like substrate 2, and 
core 3b of the shape of a column of a cross-section rectangle is prepared in that interior. In order that 
light may guide core 3b, the refractive index of core 3b is higher than cladding layer 3a on the 
periphery. On the other hand^the tandem-type heater 10 is formed between a substrate 2 and 
cladding layer 3a. This tandem-type heater 10 consists of the power pad sections 11 and 11 which 
consist of a thin film of the shape of a rectangle by which opposite arrangement was carried out on 
both sides of core 3b, the heater section 12 of the shape of two or more straight line established so 
that it might be built among these power pad sections 11 and 11, and 12 --. These heater section 12 - 
is arranged with the predetermined period in parallel to the die-length direction and the rectangular 
direction of core 3b. 

[0011] The silicon substrate which oxidized the front face as a substrate 2 is used. Cladding layer 3a 
is formed from the silica (silicon oxide). Core 3b is the quartz system waveguide formed from the 
silica which added germanium, and the refractive index is low slightly as compared with cladding 
layer 3a. The difference of this refractive index is usually about 0.3%. The tandem-type heater 10 
consists of a metal thin film, for example, titanium, gold, aluminum, etc. are used. 
[0012] This waveguide mold adjustable grating 1 is the following, and can be made and 
manufactured. On a substrate 2, the conductor thin film which consists of titanium, gold, aluminum, 
etc. with vacuum deposition etc. is formed. And this conductor thin film is processed, a pattern is 
formed, and the tandem-type heater 10 is completed. As for this processing approach, 
photolithography etc. is used when a period is the long period mold of heater section 12 - which a 
long period, i.e., light, decreases comparatively. When it is the short period mold which a short 
period, i.e., light, reflects comparatively, it can form by the phase mask method, the interference 
exposing method, etc. 

[0013] And on the tandem-type heater 10 and the substrate 2 exposed to the perimeter, the lower 
cladding layer equivalent to the thickness of cladding layer 3a under core 3b is formed with a spin 
coat method etc., and the core layer which is equivalent to the thickness of core 3b on the whole top 
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face is formed. And while Recessing this core layer by the ion etchin«»ethod etc. along with the 
pattern of core 3b and tor^^ core 3b, a lower cladding layer is exp<^Bto the perimeter of core 3b. 
And further, with a spin coat method etc., an up cladding layer is formedon these lower cladding 
layer and core 3b, and cladding layer 3a which the lower cladding layer and the up cladding layer 
unified is completed. 

[0014] When the tandem-type heater 10 is operated in this waveguide mold adjustable grating 1, the 
refractive indexes of core 3b of the heater section 12 and 12 - which temperature rises and is located 
in the bottom of it are the heater sections 12 and 12 by the thermooptic effect so that the graph of 
change of the sectional side elevation shown in drawing 2 (a) and the refractive index shown in 
drawing_2 (b) may show. -- Corresponding to a period, it changes periodically and a grating property 
is acquired. And since the refractive-index variation of core 3b can be changed by whenever 
[ stoving temperature / of the tandem-type heater 10 ], the wavelength of the light (short period 
mold) reflected in this grating or the light (long period mold) to decrease can be changed. The period 
lambda of change of the refractive index in this core 3b is called grating pitch. In addition, in the 
case of a short period mold, a grating pitch is usually 0.5 micrometers or less, and it is the 
wavelength order of light. In this case, only the light of specific wavelength (Bragg wavelength) is 
reflected by the Bragg diffraction. The light of Bragg wavelength lambdaB is expressed by the 
following formulas (1) by the effective refractive index neff of propagating mode, and the grating 
pitch lambda. 
[0015] 
[Equation 1] 

AB=2-n 9ff A -(1) ... 

" * * 

[0016] Moreover, the reflection factor RB at this time (intensity ratio of the transmitted light and the 
reflected light) is so expressed in the die-length direction of core 3b of the grating length L 10, i.e., a 
tandem-type heater, by variation deltan of the refractive index in die-length L and core 3b like the 
following formulas (2). 
[0017] 
[Equation 2] 

R B =tanh 2 (7rL An tt/A B * ""(2) 

[0018] On the other hand, in the case of a long period, a grating pitch is usually as long as hundreds 
of micrometers. And the operation as a wavelength filter which attenuates only the light of the 
wavelength range which fulfills a connection condition with the clad mode which spreads cladding 
layer 3a among the light which spreads core 3b is done so. If wavelength which fulfills the 
conditions from which joint effectiveness with clad mode becomes max is set to lambdap, it is the 
effective refractive index ncore of the propagation light of core 3b. The following formulas (3) 
consist of the effective refractive index nclad in clad mode about the grating pitch lambda. 
[0019] 
[Equation 3] 

Ap=A(n core -n clad ) -(3) 

[0020] In addition, ncore and nclad are expressed with the following formulas (4) and a formula (5), 

respectively. 

[0021] 

[Equation 4] 

B^/IZn/X*) -(4) 

[Equation 5] 

nclad = £ c , ad /<2>r/;i D ) "(5) 

[0022] Moreover, lambdap The permeability (luminous-intensity ratio to incident light reinforcement 

which carries out outgoing radiation) Tp which can be set is expressed with the following formulas 

(6). 

[0023] 

[Equation 6] 

T D =1- [sin 2 [k G L {1+((5/k G ) 2 I 2 ]] /[1+(<5/k G ) 2 ]-(6) 
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Here, kG is a coupling cofl^ t and is an amount proportional to the ^Kude of the refractive- 
index modulation of core 3lTdelta in a formula (6) is expressed with th^ollowing formulas (7) 
[Equation 71 & v h 

5=(1/2)(ySoore-yS clad -27rA) "(7) 



[0024] Therefore, in the case of a short period mold, it is desirable when a grating pitch and grating 
length are determined that the desired Bragg wavelength and a desired reflection factor are obtained 
from the relation between a formula (1) and a formula (2). Moreover, in the case of a long period 
mold, it is desirable when a grating pitch and grating length are determined that the desired 
wavelength and the transmission of attenuation light are obtained from the relation between a 
formula (3) and a formula (6). Moreover, when width of face w of the heater section 12 is made 
below into one half of the grating pitch lambda, it is desirable. Moreover, the width of face (lay 
length which intersects perpendicularly in the die-length direction of core 3b) of the tandem-type 
heater 10 is the heater section 12 of the tandem-type heater 10. - It is desirable when it is made into 
twice [ more than ] the width of face of core 3b in consideration of heat conduction. 
[0025] Moreover, as shown in drawing.! (c), the tandem-type heater 10 can be formed on cladding 
layer 3a, and it can also arrange above core 3b. In this case, like an above-mentioned approach, after 
forming cladding layer 3a and core 3b on a substrate 2, the tandem-type heater 10 can be formed and 
manufactured on cladding layer 3a. And as shown in drawing 3 (a) and drawing 3 (b), when the 
tandem-type heater 10 is operated, the refractive indexes of core 3b of the heater section 12 and 12 - 
which temperature rises and is located on it are the heater sections 12 and 12 by the thermooptic 
effect. - Corresponding to a period, it changes periodically and a grating property is acquired. And 
the refractive-index variation of core 3b can be changed by whenever [ stoving temperature / of the 
tandem-type heater 10 ], and the wavelength of the light reflected in this grating or the light to 
decrease can be changed. 

[0026] Drawiog_4 is what showed the wavelength spectrum (relation between wavelength and 
permeability) of the transmitted light of a waveguide mold adjustable grating shown in drawing 1 
(a), dr awing j, (b), or drawing .! (c), and it shows signs that the loss peak becomes large as it makes 
whenever [ stoving temperature ] high. Thus, permeability changes with whenever [ stoving 
temperature ] and the wavelength bandwidth (wavelength width of face of a peak) of the light 
reflected in this and coincidence or the light to decrease is also changing. 

[0027] For example, it sets to the waveguide mold adjustable grating shown in drawing 1 (a) and 
drawing 1 (b). On the substrate 2 with a thickness of 1mm, with a thickness of 20 micrometers 
cladding layer 3a is formed. Core 3b whose size of a cross section is 7micrometerx7micrometer is 
prepared near the center of the interior. When the thing with grating pitch lambda600micrometer, a 
width-of-face w20micrometer [ of the heater section 12 ], and a die length [ of the tandem-type 
heater 10 ] (grating length) of 20mm was manufactured, the magnitude of the loss peak by the 
reflected light was able to be changed in 0 to 2dB. 

[0028] Drawing 5 is the perspective view having shown the waveguide mold adjustable grating of 
the 2nd example of invention. In this waveguide mold adjustable grating, the tandem-type heater 10 
is formed on cladding layer 3a, and as shown in drawing 6 (a) and drawing 6 (b), the thin film-like 
space heater 15 is formed between a substrate 2 and cladding layer 3a. A space heater 15 consists of 
the same ingredient as the tandem-type heater 10, and can be formed like the tandem-type heater 10. 
[0029] This space heater 15 consists of the heater section 16 of the shape of a straight line 
established in parallel with the bottom of core 3b, and the electrode pad sections 17 and 17 of the 
shape of a rectangle prepared in those both ends. Die length parallel to the die-length direction of 
core 3b of the heater section 16 is designed by size longer than the tandem-type heater 10. Therefore, 
the temperature of core 3b of the range in which the tandem-type heater 10 is formed can be 
uniformly raised with this space heater 15. Therefore, if the width of face of a space heater 15 is the 
width of face of core 3b, and more than comparable, there will be especially no limit. 
[0030] In this example, as shown in drawing 7 (a) and drawing 7 (b), the arrangement location of the 
tandem-type heater 10 and a space heater 15 can be made reverse, the tandem-type heater 10 can be 
arranged between the substrate 2 of the lower part of core 3b, and cladding layer 3a, and a space 
heater 15 can also be arranged between upper cladding layer 3a of core 3b, and a substrate 2. 
Moreover, as shown in drawing 8 (a) and drawing 8 (b), a space heater 15 can be arranged between a 
substrate 2 and cladding layer 3a, and the tandem-type heater 10 can also be arranged in cladding 
layer 3a of the lower part of core 3b. As furthermore shown in drawing 9 (a) and drawing 9 (b), a 
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space heater 15 can be arr^^d on cladding layer 3a, and the tandem^e heater 10 can also be 
arranged in cladding laye^^bbove core 3b. 

[0031] And if whenever [ at the tandem-type heater 10 / stoving temperature ] is changed where a 
space heater 15 is operated, as shown in drawing 1010 , where permeability and the wavelength 
width of face of the light reflected or decreased are maintained uniformly, a loss peak can shfft, and 
only the wavelength range of the light reflected or decreased can be changed. 
[0032] For example, it sets to the waveguide mold adjustable grating shown in drawing 5 and 
dramog_6 (a). On the substrate 2 with a thickness of 1mm, with a thickness of 20 micrometers 
cladding layer 3a is formed. Core 3b whose size of a cross section is 7micrometerx7micrometer is 
prepared near the center of the interior. When the thing with grating pitch lambda600micrometer, 
width-of-face w20micrometer of the heater section 12, a die length [ of the tandem-type heater 10 / 
of 20mm ] (grating length), and a width of face [ of a space heater 15 ] of 20 micrometers was 
manufactured, the main wavelength of a loss wavelength range was able to be changed in 0.5nm. 
[0033] Moreover, a grating can also be made into char PUTOGU rating as the 3rd example of this 
invention. Char PUTOGU rating means that from which the variation of the refractive index of core 
3b and the period (grating pitch) of change of a refractive index are changing gradually in the die- 
length direction of core 3b. By making it char PUTOGU rating, width of face (loss wavelength width 
of face) of the wavelength range of the light reflected or decreased can be made large. Although it 
can also consider as char PUTOGU rating by [ of heater section 12 - ] making a period (grating 
pitch) lambda short or long gradually, as shown in drawing 11 , heater section 12 ~ is made into a 
fixed period, and the configuration of the heater section 16 of a space heater 15 can be gradually 
changed in the die-length direction of core 3b, arid can also be made into char PUTOGU rating. In 
this example, the width of face of the heater section 16 is changed gradually. That is, in the die- 
length direction of core 3b, the heating range at the tandem-type heater 10 in the cross direction of 
core 3b is changed. Consequently, whenever [ stoving temperature / of core 3b in this die-length 
direction ] is changed, temperature distribution can be formed in this core 3b, the variation of a 
refractive index can change in the die-length direction of core 3b, and char PUTOGU rating can be 
realized. 

[0034] Drawing 12 can change the wavelength width of face of the light reflected or decreased by 
changing whenever [ stoving temperature / of the heater section 16 to the die length of core 3b ], as it 
is the graph which showed the wavelength of the waveguide mold adjustable grating of a 
configuration of having been shown in drawing 11 , and the relation of permeability and is shown in 
this graph. 

[0035] In the waveguide mold adjustable grating shown in drawing 1 1 for example, on the substrate 
2 with a thickness of 1mm Form with a thickness of 20 micrometers cladding layer 3a, and core 3b 
whose size of a cross section is 7micrometerx7micrometer is prepared near the center of the interior. 
When grating pitch lambda600micrometer, width-of-face w20micrometer of the heater section 12, 
die length of 20mm of the tandem-type heater 10 (grating length), and the width of face of a space 
heater 15 manufactured what is changing to 10-40 micrometers, loss wavelength width of face was 
able to be changed in 20-25nm. 

[0036] DrawingJJj forms three waveguide mold adjustable gratings A, B, and C in the one die- 
length direction of core 3b. The waveguide mold adjustable gratings A, B, and C are all equipped 
with the tandem-type heater 10 and space heater 15 of a pair. All of these tandem-type heater 10 - 
are the things of the same configuration. As mentioned above, in the waveguide mold adjustable 
grating of this invention, permeability, the wavelength width of face of the light reflected or 
decreased, the wavelength of the light reflected or decreased, etc. can be changed to arbitration by 
changing whenever [ by the tandem-type heater 10 and the space heater 15 / stoving temperature ]. 
Therefore, although the these waveguide mold adjustable gratings A, B, and C consist of the same 
tandem-type heater 10 and the same space heater 15, they can realize different reflection or a 
different damping property according to each heating condition. 

[0037] the peaks A, B, and C in the graph shown in drawing 14 - like - the waveguide mold 
adjustable gratings A, B, and C - setting - it -****** reflective ****** equipped with 
complicated reflection or a complicated damping property like Peak R can offer an attenuation 
component by realizing reflection or a damping property and compounding these. 
[0038] In addition, refractive-index change of quartz system waveguide is 0.1% (lxl0-5/degree- 
CxlOO degree C), and is enough to control magnitude of the reflection in a grating, or attenuation 
light. However, in order to modulate the wavelength range of reflection or attenuation light greatly, it 
is desirable when a thermooptic effect forms core 3b from large plastics. For example, although 
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methacrylic system resin,j^i as polyimide system resin, such as sili^^ resin, polyimide, etc. 
fluoride, and fluoride met^^ylate, etc. is used, polyimide system rej^P desirable. In this case, 
cladding layer 3a is also formed from the same plastics as what was preferably illustrated as an 
ingredient of core 3b etc. 

[0039] For example, the copolymer of the polyimide whose magnitude of a birefringence is two 
comparable kinds currently indicated by JP,9-21920,A is used. As an example of two kinds of this 
polyimide For example, 2 and 2-screw (3, 4-dicarboxy phenyl) hexafluoropropane 2 anhydride 
(6FDB), and 2, the 2-screw (trifluoromethyl) -4 and polyimide compounded from a 4'-diamino 
biphenyl (TFDB) (6 FDA/TFDB), The polyimide (6FDA/4, 4'-ODA) compounded from 6FDA and 4 
and 4'-oxy-dianyline (4 and 4-ODA) can be mentioned. And the refractive-index difference of core 
3b and cladding layer 3a can be changed by changing the copolymerization ratio of these polvimide 
[0040] ^ 

[Effect of the Invention] As explained above, in this invention, a core is set in the die-length 
direction. In order to change a grating property by realizing a grating property and changing 
whenever [ stoving temperature / of this heater ] by forming the heater heated with a predetermined 
period, Since there is also no part driven mechanically that what is necessary is just to form the 
heater which heats only the core to which the guided wave of the light is carried out substantially, it 
can consider as a compact configuration easily. Furthermore, various grating properties are realizable 
by forming the space heater which heats the whole core of the range in which the tandem-type heater 
is formed, or changing whenever [ by this space heater / stoving temperature ]. 
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* NOTICES * 



JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawingjj The explanatory view in which an example of the waveguide mold adjustable grating of 
this invention was shown, drawing 1 (a) showed the perspective view, and draw ing 1 (b) showed the 
relation between a core and a tandem-type heater, and drawing 1 R> 1 (c) are the explanatory views 
having shown the example of modification of arrangement of a core and a tandem-type heater. 
[Drawing, 2] It is an explanatory view when heating the waveguide mold adjustable grating shown in 
diawlngJL (a) and drawing^ (b) at a tandem -type heater, and drawing 2 (a) is a sectional side 
elevation, and drawing 2 (b) is the graph of change of a refractive index. 

[Drawi_0g_3J It is an explanatory view when heating the waveguide mold adjustable grating shown in 
drawingj, (a) and drawing 1 (c) at a tandem-type heater, and drawing 3 (a) is a sectional side 
elevation, and drawing 3 (b) is the graph of change of a refractive index. 

[J>amng_4] It is the graph which showed the relatiori 1 between the wavelength of the waveguide 
mold adjustable grating of the 1st example of this invention, and permeability. 
[Drawings] It is the perspective view having shown the waveguide mold adjustable grating of the 
2nd example of this invention. 

[Drawing 6] The explanatory view and drawing 6 (b) which showed the relation of the core of a 
waveguide mold adjustable grating and tandem-type heater which showed drawing 6 (a) to drawing 
5 are a sectional side elevation. 

[DmwjngJ] Draw ings? (a) and drawing ,! (b) are the explanatory views and sectional side elevations 
having shown the example of modification of arrangement of a core, a tandem-type heater, and a 
space heater in the waveguide mold adjustable grating shown in drawing 6 , respectively. 
[.DrawingJB] j^rawing_8 (a) and drawing 8 (b) are the explanatory views and sectional side elevations 
having shown the example of modification of arrangement of a core, a tandem-type heater, and a 
space heater in the waveguide mold adjustable grating shown in drawing 6 , respectively. 
[Drawing.9] Dxawing_9 (a) and drawing 9 (b) are the explanatory views and sectional side elevations 
having shown the example of modification of arrangement of a core, a tandem-type heater, and a 
space heater in the waveguide mold adjustable grating shown in drawing 6 , respectively. 
[Drawing 10] It is the graph which showed the relation between the wavelength of the waveguide 
mold adjustable grating of the 2nd example of this invention, and permeability. 
[DrawingJJJ It is the explanatory view having shown the 3rd core, tandem-type heater, and space 
heater of a waveguide mold adjustable grating of this invention. [ of an example ] 
Pr_a_wjng_l_2J It is the graph which showed the wavelength of the waveguide mold adjustable grating 
of a configuration of having been shown in drawing 11 , and the relation of permeability. 
[Drawing 13] It is the perspective view having shown what formed three waveguide mold adjustable 
gratings in the die-length direction of a core. 

[Drawing 14] It is the graph which showed the property of a grating shown in drawing 13 . 
[Description of Notations] 

1 A, B, C [ A tandem-type heater, 12 / - The heater section, 15 / — A space heater 16 / ~ Heater 
section. ] ~ A waveguide mold adjustable grating, 3a - A cladding layer, 3b - A core, 10 
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[Drawing 5 1 
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[Drawing JU] 
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[Drawing 3] 
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[Drawing 13] 
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